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METHOD AND APPARATUS FOR 
MANTAINING A DIGITAL TELEVISION 

RECEIVER DATABASE 

BACKGROUND 

The invention relates generally to digital television 
receivers and, more particularly, to the methods and appa 
ratus for building and maintaining a database within a digital 
television receiver. 

A new type of broadcast television has recently been 
introduced to consumers in the United States and other 
countries. This System is known as digital television 
(“DTV"). Instead of transmitting audio and video informa 
tion in the form of analog Signals as has been done for over 
50 years, exciting new programming incorporating a host of 
new and higher quality features is now being transmitted by 
local and Satellite broadcasters in the form of digital Signals. 
These signals consist of individuals bits of digital data 
grouped into packets of various types, including audio 
packets, Video packets, and System control data packets. 

The System control data packets contained in digital 
broadcast Streams include information concerning the avail 
able channels and the programs they contain. In order for a 
digital television receiver to tune to a specific program and 
provide the user with relevant information, the receiver must 
gather and Store the transmitted System control data in a 
database. 

In the U.S., the Advanced Television Systems Committee 
(ATSC) has specified the Standard according to which digital 
television signals must be transmitted. The ATSC standard is 
in turn based on an international Standard popularly known 
as MPEG-2, hereinafter referred to for convenience as 
simply “MPEG.” 

The MPEG standard defines a way to carry basic system 
control data in a set of tables, the major tables being the 
Program Association Table (PAT) and the Program Mapping 
Table (PMT). However, the ATSC standard does not make 
the use of these tables mandatory. 

The ATSC has defined a format called the Program and 
Specific Information Protocol (PSIP) for the purpose of 
carrying a more extended Set of data in a different Set of 
tables. These tables include the Master Guide Table (MGT), 
Version Control Table (VCT), Event Information Table 
(EIT), and others. Use of the PSIP tables is also not 
mandatory; however, the PSIP standard is the preferred way 
to transmit System information in an ATSC digital Stream. 
Detailed descriptions of MPEG data and tables is contained 
in ISO/IEC 13818-1 “Coding of Moving Pictures and Asso 
ciated Audio-Part 1: Systems.” Detailed information regard 
ing PSIP data and tables is contained in the publication 
ATSC A/65 “Program and Specific Information Protocol for 
Terrestrial Broadcast and Cable” published by the Advanced 
Television Systems Committee. The disclosures of both of 
these documents are hereby expressly incorporated by ref 
CCCC. 

In view of the permissive nature of standards in the U.S., 
digital television signals transmitted by various broadcasters 
can differ Significantly in format. A typical situation would 
be for both MPEG and PSIP tables to be present in a 
broadcast digital television signal. In Such cases, Some 
pieces of System control information are redundant and may 
be found in both MPEG and PSIP tables, whereas other 
pieces may be included in only one Set of tables. The 
database Stored and maintained by the digital television 
receiver must permit merging of System control data derived 
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2 
from both MPEG and PSIP tables. Although the ATSC 
standard requires data in the MPEG and PSIP tables to be 
consistent if both are present, this does not always happen 
with real-world Signals actually transmitted by broadcasters. 
Inconsistency of transmitted System control data can thus 
give rise to incoherency of the database. Further complicat 
ing the task of building and maintaining the database is the 
fact that every time the Structure of a program is modified 
(change in number of elementary Streams, new content 
rating, etc.), updated tables carrying the corresponding 
information are transmitted. However, the two sets of 
updated tables may or may not be received simultaneously. 

The procedure for updating tables is completely defined 
within each standard (MPEG and PSIP). However, merging 
the data coming from two “independent Sets of tables can 
cause problems. For example, during a transition period, it 
is likely that one set of tables will still be carrying the old 
information while the other set is already updated with the 
new information, that is, the new information is not consis 
tent with the old information. Once again, this raises the 
possibility of incoherent database content due to a mismatch 
between the MPEG and PSIP tables. It is therefore desirable 
to provide methods and apparatus for efficiently storing and 
maintaining a database in a digital television receiver that 
insures integrity and coherence of the database during 
merging and updating operations. 

SUMMARY OF THE INVENTION 

A method consistent with the present invention maintains 
a database for display of digital television broadcast Signals 
carried by a digital broadcast Stream including content data 
and System control data. The System control data includes 
first information relating to a first broadcast standard and 
optionally also includes Second information relating to a 
Second broadcast Standard. The method compriseS receiving 
the digital broadcast Stream, extracting the first information 
from the System control data, Storing a first Set of data entries 
from the extracted first information, extracting Second infor 
mation from the System control data if Second information is 
present in the System control data, and Storing a Second Set 
of data entries only if the extracted Second information is 
consistent with previously Stored first Set of data entries. 
A System consistent with the present invention maintains 

a database for display of digital television broadcast Signals 
carried by a digital broadcast Stream including content data 
and System control data. The System control data includes 
first information relating to a first broadcast Standard and 
optionally also includes Second information relating to a 
Second broadcast Standard. The System comprises a tuner 
which receives the digital broadcast Stream and a demulti 
plexer which extracts the first information from the system 
control data. The System also comprises a control module 
which stores a first set of data entries from the extracted first 
information, extracts Second information from the System 
control data if Second information is present in the System 
control data, and Stores a Second Set of data entries only if 
the extracted Second information is consistent with previ 
ously Stored first Set of data entries. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of this specification illustrate the 
invention and, together with the description, Served to 
explain the principals of the invention. 

FIG. 1 is a block diagram of a digital television receiver 
consistent with the present invention. 
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FIG. 2 is a block diagram of a database contained in the 
digital television receiver of FIG. 1. 

FIG. 3 is a data flow chart illustrating a method, consistent 
with the present invention, for building the database of FIG. 
2. 

FIG. 4 is a diagram of the database of FIG. 2 shown with 
database control features. 

FIGS. 5A-5H are a detailed flow chart of a method, 
consistent with the present invention, for building and 
maintaining the database of FIGS. 2 and 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to preferred imple 
mentations consistent with the present invention, an 
example of which is illustrated in the accompanying draw 
ings. 

FIG. 1 is block diagram of a digital television receiver 10 
consistent with the present invention. Receiver 10 includes 
a radio frequency (RF) tuner 12 adapted for connection to a 
Source of digital television broadcast Signals, Such as a 
UHF/VHF antenna 14. As is well known by those skilled in 
the art, tuner 12 may be connected to other Sources, Such as 
a satellite antenna or a CATV cable. 

Tuner 12 receives commands from a control module 18 to 
tune to a Specific RF frequency containing a desired digital 
television signal including a transport Stream transmitted 
according to MPEG standards. Tuner 12 then supplies the 
desired transport Stream to a demultiplexer 16. 

The transport Stream Supplied by tuner 12 includes pack 
ets of data multiplexed to form Several different programs. 
Each program includes Several Series of packets 
("elementary streams), including content data (video data, 
audio data, foreign language audio data, etc.) and System 
control data. Each packet includes a Packet Identifier (PID) 
which uniquely specifies the Stream to which it belongs. For 
example, the Stream of packets carrying the Video data for a 
Specific program would each have a specific PID, the Stream 
of packets carrying the English audio for that program 
would each have another specific PID, etc. 

Demultiplexer 16 receives commands, including one or 
more PIDs, from control module 18 to select a desired 
program. Demultiplexer 16 Selects the Video, audio, and 
System control data packets for the desired program accord 
ing to the PIDs in the received commands and routes the 
packets respectively to a Video decoder 20, an audio decoder 
22, and control module 18. All other packets of the transport 
stream, having PIDs other than those supplied to demulti 
plexer 16 by control module 18, are ignored by demulti 
plexer 16. Video decoder 20 and audio decoder 22 respec 
tively extract Video and audio information from Video and 
audio packets and Supply the Video and audio information in 
an appropriate format to a display device 24. Display device 
24 may consist of a CRT, liquid crystal, or plasma Video 
display device and one or more Speakers for playing audio. 

Control module 18 is also connected to a random acceSS 
memory (RAM) 26, within which is stored a database 28, 
and to a program memory 30 which preferably constitutes a 
flash memory or other type of programmable non-volatile 
memory. Program memory 30 stores instructions for tasks 
executed by control module 18. Receiver 10 may also 
include an input device 32 Such as a CD-ROM reader and a 
mass Storage device 34 Such as a hard disk. 

Control module 18 is also connected to a user command 
module 36 which receives commands from the user, or 
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4 
Viewer, allowing the viewer to Select and control the display 
of desired programs. User command module 36 preferably 
includes an infrared receiver capable of receiving commands 
from a hand-held infrared remote control unit in a manner 
well known in the art. Control module 18 may also be 
connected to a network Such as the Internet. 

Various tasks are executed by control module 18, either 
automatically or in response to Viewer commands. Examples 
of Such tasks include “channel Selection,” 
“autoprogramming,” “channel up' and “channel down,' 
“channel jump,” “CC enable,” “parental control (V chip).” 
etc. Although the functions of tuner 12, demultiplexer 16, 
control module 18, decoders 20 and 22, and user command 
module 36 may be implemented using discrete integrated 
circuits and a general purpose microprocessor Such as a 
Pentium III, these functions are preferably implemented 
using a multimedia processor such as a Trimedia PNX2700 
chip. 

FIG. 2 is a block diagram of database 28. As shown 
therein, database 28 includes a top layer 40 and a content 
Section 42. Top layer 40 is made up of control parameters 
and a Series of fields pointing to data within content Section 
42. The main control fields of top layer 40 are the following: 

ISRunning: Set to 1 when the database is active, Set to Zero 
when the database is inactive (and thus empty) 

Semaphore: protects the database So that its content can 
not be modified Simultaneously by Several taskS. 

IsPsipMode: set to 1 if the current stream contains PSIP 
tables, set to 0 if the stream only contains MPEG tables. 

PsipInfo: contains the address of a PSIP control structure 
44, which is used to control the decoding and update of 
the PSIP tables. 

Patnfo: contains the address of an MPEG control struc 
ture 46, which is used to control the decoding and 
update of the MPEG tables. 

Pointers in top layer 40 point to addresses in content Section 
42, as follows: 

transport: contains the address of a transport dbentry 48, 
if any. The transport dbentry main field is the Transport 
Stream ID, or TSID, that uniquely identifies this trans 
port Stream from all the other transport Streams the 
System can tune to. 

channels: contains the address of the first element of a list 
of Program dbentries 50, if any. Each Program dbentry 
provides information regarding a specific program that 
is present in the transport stream (mainly major and 
minor numbers if any, number and type of the elemen 
tary Streams the program is made up of and how to 
Select this specific program). All the Program dbentries 
are chained together, using the next and previous fields 
present in the basic structure of a dbentry element, as 
set forth in detail below. 

eitSource: contains the address of the first element of a list 
of EIT source control structures 60, if any. Each source 
control Structure points in turn to the first element of a 
list of event dbEntries. A Source can be seen as a 
description of a program content. Each program is 
associated with a Source (Several programs can be 
asSociated with the same Source in case their program 
content is the same). A Source provides a list of events 
that covers a period of time of 3 hours. One of the 
events is the current one, the others are either past or 
upcoming events. Each event dbentry contains a brief 
description of what the program is all about, as well as 
Some other pieces of information Such as rating 
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information, Closed Captioning information, etc. The 
event dbentries are chained together the same way as 
the program dbentries. 

ExtendedText: contains the address of an Extended Text 
dbentry 74, if any. The extended Text dbentry contains 
a longer text description of the event that the user is 
currently watching. 

As noted above, the MPEG and PSIP tables received in 
the Transport Stream each contain unique information as 
well as information in common. If both table sets were each 
used to create, update, and delete information in the database 
as the tables were received, problems could occur when 
there is an inconsistency between the PSIP and MPEG 
tables, during, for example, the transition period between 
new table versions when trying to merge the new PSIP table 
information with the not-yet-updated PAT table information. 
Accordingly, a method consistent with the present invention 
uses one Set of tables as a master for the database creation, 
update, and deletion proceSS and uses the Second Set only to 
update already existing entries after ensuring the coherency 
of the information provided by the second set. If there are 
any inconsistencies, the information from the Second Set is 
discarded. 
A method consistent with the present invention uses the 

MPEG table set as master for the following reasons. All 
current broadcast streams carry the basic MPEG tables. 
Moreover, MPEG tables are simpler to use than the PSIP 
tables and are usually error free, which is not always the case 
for the PSIP tables. Furthermore, adding PSIP information to 
a broadcast Stream requires that the broadcaster employ a 
Specific piece of equipment, a PSIP encoder. Since not all 
broadcast stations own a PSIP encoder, many digital pro 
grams are currently broadcast without any PSIP information 
at all. Although the embodiment described herein uses 
MPEG tables as master, those skilled in the art will recog 
nize that in other applications with different requirements, 
the PSIP tables could be selected as master. 
As shown in FIG. 2, the PSIPInfo pointer points to control 

structure 44 for PSIP information derived from the Master 
Guide Table (MGT), the Virtual Channel Table (VCT), the 
Event Information Table (EIT), the Extended Text Table 
(ETT), the System Timetable (STT), and the Rating Region 
Table (RRT) transmitted in the broadcast stream. The PSIP 
control structure includes information Such as MGT and 
VCT version numbers; EITO and ETTO PIDs (if any), the 
number of sections of the VCT table, the Extended Text 
ETM ID, etc. 
The patinfo pointer points to the Starting address in the 

RAM memory 26 for MPEG control structure 46. This 
includes control information from the PAT and MPTS Such 
as version number, a Summary of each Section, and infor 
mation needed to decode the list of all program numbers and 
PMT packet identifiers (PIDs). 
AS briefly noted above, the transport pointer points to the 

starting address in RAM memory 26 for Transport dbentry 
48, and the channels pointer points to the Starting address in 
RAM memory of a first Program dbentry 50. The first 
Program dbentry 50 includes a pointer to a second Program 
dbentry 52 containing Similar data for a Second program 
currently available for display. Similarly, additional Pro 
gram dbentries 54 and 56 contain channel data for other 
programs currently available for display. Thus, each pro 
gram currently available for display has a corresponding 
Program dbentry in data base 28. 
As indicated in FIG. 2, each Program dbentry 50, 52, 54 

and 56 is linked to the adjacent dbentries. Further details of 
the specific construction of the database will be provided 
below. 
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6 
The eitSource pointer points to first EIT source control 

structure 60. The EIT Source control structure 60 in turn 
includes a pointer to a first Event dbentry 62. In a manner 
similar to a program dbentry 52, Event dbentry 62 is linked 
to additional Event dbentries 66 and 68. 

Since there may be multiple instances of EITO tables, EIT 
Source control Structure 60 also includes a pointer to a 
Second EIT Source control structure 70 which in turn con 
tains a pointer to an additional EIT Source control Structure 
72. EIT source control structures 70 and 72 include pointers 
to Event dbentries in the same manner as EIT source control 
structure 60. 
The ExtendedText pointer points to the start address in 

RAM memory 26 of extended text dbentry 74. 
Program memory 30 (FIG. 1) includes instructions for 

control module 18 to execute a method for maintaining 
database 28 for display of digital television broadcast signals 
carried by a digital broadcast Stream that includes content 
data and System control data. The System control data 
includes first information relating to a first broadcast Stan 
dard and optionally includes Second information relating to 
the Second broadcast Standard. 
A method consistent with the present invention is shown 

in FIG. 3. Execution begins at stage 100 and continues at 
stage 102, where the method receives the broadcast stream 
of packets. Next, at Stage 104, the first information, namely, 
MPEG data, is extracted from the system control data of the 
broadcast Stream. At Stage 106, a set of data entries from the 
MPEG data is stored in RAM memory 26. At stage 108, the 
method determines if second information, namely, ATSC 
PSIP data, is present in the broadcast stream. If not, the 
method turns to Stage 102 and receives an additional packet 
of data. 

If PSIP data is present at stage 108, the PSIP data is 
extracted at Stage 110. The method then determines, at Stage 
112 if the extracted PSIP data is. consistent with stored 
MPEG data entries. If and only if the extracted PSIP data is 
consistent, the method at Stage 114 Stores a set of data entries 
in database 28 from the extracted PSIP data. If the extracted 
PSIP data is not consistent with stored MPEG data entries, 
the PSIP data is ignored and the method returns to step 102 
to receive additional packets. 
As explained above with respect to FIG. 2, database 28 

includes a plurality of types of entries, referred to as 
“dbEntries.” Each entry takes up a different amount of 
memory, depending upon the number of variables contained 
in the dbEntry type and the number of related descriptors 
present in the broadcast Stream. In order to efficiently 
manage the creation and maintenance of database 28 in 
RAM memory 26, a method consistent with the present 
invention provides that when a dbentry is created, a portion 
of memory corresponding to the minimum size of this 
particular type of dbentry is first allocated. Then, every time 
additional information for the first dbentry, such as a 
descriptor, is decoded, another portion of memory is allo 
cated to store the additional data. Thus, a dbentry does not 
consist of a single contiguous Stretch of allocated memory 
but rather a collection of Several noncontiguous portions. 
The dbentry basic structure contains pointer fields that point 
to the other portions of memory. Each descriptor in turn 
might also contain a local descriptor, which would require 
another portion of memory to be allocated. The address of a 
new portion is then Stored in one of the fields of the parent 
descriptors. 

In order to facilitate the deletion of a dbentry when the 
asSociated data becomes obsolete, a method consistent with 
the present invention provides a linkage System that is 
independent of the format and data amount of the dbentry 
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itself. Each portion of the memory that is allocated is in fact 
made up of two Sections: a “data” Section, composed of the 
dbentry data itself (and pointers described above with 
respect to FIG. 2), and a “link” Section containing a pointer 
to the beginning address of the next portion of memory 
pre-allocated for this specific dbentry. All of the portions of 
memory belonging to the Same dbentry are thus chained 
together, forming a structure called a “memchain.” When a 
dbentry is created, a memchain control Structure is first 
allocated and a unique memchain ID is assigned to the new 
chain/dbEntry. Then, a first portion of the memory is allo 
cated and its address is Stored in a field of a control Structure. 
Every time a new portion of a memory is allocated, it is 
chained to the last allocated portion. 

In order to delete the dbEntry, the only action necessary 
is to read the memchain ID present in the dbentry basic 
Structure, access the corresponding memchain control 
Structure, go through the pointers, and free the portions of 
memory one by one. No knowledge of the Specific data 
contained within the dbentry is thus required. 
AS noted above, various tasks executed in control module 

18 can access portions of database 28. Therefore, when new 
System control data is received over the transport Stream 
rendering existing data in database 28 obsolete, Special 
attention must be paid prior to the removal of the dbentry. 
Thus, a method consistent with the present invention pro 
hibits the freeing of memory allocated to a dbentry that is 
currently being queried by a task of DTV control module 18. 
Accordingly, each basic dbEntry includes, in its link Section, 
a reference field manipulated by external tasks to indicate 
pending uses of a corresponding data entry by external task. 
When a dbentry is created, the reference field is set to 1. 
Every time a task queries a dbentry, its reference field is 
incremented by 1. Every time the task completes a query, the 
reference field is decremented by 1. Accordingly, when a 
dbentry is determined to be obsolete, it is first removed from 
the list of dbEntries it belongs to, and its reference field is 
decremented by 1. If its reference field is then set to 0 (i.e. 
no task is currently querying the dbentry), the memory 
occupied by the dbentry is freed immediately. Otherwise, 
the memory is freed when the last task completes its use of 
the dbentry (thus Setting the corresponding reference field to 
0). 

FIG. 4 illustrates the structure within which, in methods 
and apparatus consistent with the present invention, data 
base 28 is contained. FIG. 4 shows three dbentries in-1, in, 
and #n+1, indicated at 200, 202, and 204. DbEntries 200, 
202, and 204, may, for example, correspond to program 
dbentries 52, 54 and 56 of FIG. 2. Although only the 
structure of dbentry 202 will be disclosed in detail, dben 
tries 200 and 204 are constructed similarly. 
As can be seen in FIG. 4, dbentry 202 consists of portions 

208, 210, 220, 222 and 224. Portion 208 is the memchain 
control structure. Portions 210, 220, 222, and 224 are 
memchain elements. Each of the memchain elements is 
made up of 2 Sections: a “data” Section, which is reserved for 
the dbEntry data proper, and a “link” Section containing the 
address of the next portion of memory allocated for this 
specific dbentry. For example, portion 210 includes a data 
Section 212 and a link Section 214. All portions of memory 
belonging to the same dbEntry are thus chained together 
forming a memchain. 
When a dbentry is created, the memchain control 

Structure, Such as 208, is first allocated and a unique mem 
chain ID is assigned to the new chain/dbEntry. Then, a first 
portion of memory, for example, 210, is allocated and its 
address is stored as a pointer (for example, pointer 209) in 
a field of the control structure. Every time a new portion of 
memory is allocated, it is chained to the last allocated 
portion. Thus, portion 210 includes a pointer 215 in a known 
location with respect to the Starting address of portion 210, 
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8 
independent of the actual amount of dbentry data in portion 
210. Similar pointers 216, 218, and 219 are respectively 
contained in additional portions (memchain elements) 220, 
222, and 224. Thus, in order to delete a dbentry, all that is 
necessary is to read the memchain ID present in the dbentry 
basic Structure, access the corresponding memchain control 
Structure, go through the pointer chain, and free the portions 
of memory one by one. The memory allocation and man 
agement function thus has no need to know the Specific size 
and format of each individual memory portion. 
The memchain “data” sections, which correspond to the 

dbentry proper, are further organized as follows: the basic 
section of the dbEntry (portion 212 in FIG. 4) acts as the 
control structure for the dbentry. It includes the version 
number of the system control data table (MPEG or PSIP) 
from which the dbentry was created. The control section 
further includes a memchain ID number and the “reference” 
field described above, to prevent a dbentry/memchain from 
being deleted from memory while the data contained therein 
is still being accessed by a processor task. Finally, the 
control structure includes a “data” pointer 230, a “next' 
pointer 232, and a “previous pointer 234. The “data” 
pointer permits tasks of processor 18 to access the actual 
data contained in dbEntries. The “next and “previous 
pointers are used to link in a single list all the dbentries of 
a specific type (channel dbEntries, event dbentries, etc.). 
FIGS.5A-5H show the method of FIG.2 in greater detail. 

As shown in FIG. 5A, the first stage 300 of the method 
receives a packet of System control data from the multi 
plexer 16. At stage 302, it is determined whether or not the 
packet constitutes PAT data. If so, the method determines 
whether the packet constitutes the end of a section of PAT 
data as determined at Stage 304. If not, the data is tempo 
rarily stored and the method returns to stage 300. 

If the packet completes a PAT Section, the method at Stage 
306 determines whether database 28 currently contains a 
transport dbentry. If not, a transport dbentry is created in 
database 28 at stage 308, using the TSID of this PAT. At 
stage 310, the method then updates the MPEG control 
Structure, including information Such as version number, 
number of Sections in the PAT, etc. A db progreSS update is 
then sent at stage 312 to all tasks of control module 18 which 
can generate queries to this portion of the database. The 
method then proceeds to a decode check at stage 360 to be 
described below. 

If it is determined in stage 306 that a transport dbentry 
already exists in database 28, then a determination is made 
at stage 314 if the version number of the recently received 
PAT section is equal to the version number stored in the 
existing transport dbentry. If So, the method proceeds to 
decode section 360. If not, the method, at stage 316, resets 
the MPEG control structure and disables all packet identi 
fiers (PIDs) of previously received Program Mapping Table 
information. At stage 318, the MPEG control structure is 
updated with the data contained in the recently received PAT 
section. It is then determined at stage 320 if the transport 
stream identifier (TSID) contained in the recently received 
PAT section is equal to the TSID stored in the existing 
transport dbEntry. If So, the method proceeds to decode 
section 360. If not, the method removes the current transport 
dbentry from database 28, creates a new transport dbentry 
with the TSID from the recently received PAT section, and 
Sends a database progreSS update, as indicated at Stages 322, 
324, and 326. 
The method then executes a decode check at stage 360 

(FIG. 5B) to determine if the recently received PAT section 
has been previously decoded. If So, the data has previously 
been Stored in the database and the method returns to Stage 
300 to receive a new packet. If the PAT section has not been 
previously decoded, the method checks the next program 
number in the newly received PAT section and adds this 
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program number to the channel list in the MPEG control 
structure, as shown in stage 362. The method then deter 
mines at Stage 364 if this program number corresponds to a 
channel which is already present in the database. If not, the 
method, at stages 366 and 368, creates a new channel 
dbentry and enables the PID of the Program Mapping Table 
for this particular channel, to permit future reception of PMT 
data. 

After enabling the PMT PID or if the program number 
was already present in the channel database, the method 
determines at stage 370 if all program numbers of this PAT 
Section have been processed. If not, processing of the next 
program number continues at Stage 362. If this is the last 
program number in this PAT Section, a determination is 
made at stage 372 if this is the last section of the PAT. If not, 
the method returns to stage 300 to receive the next packet. 
If this is the last PAT section, the method proceeds to stages 
380-386 (FIG. 5C) to remove program dbentries or pro 
grams no longer present in the transport Stream. 

Returning now to stage 302 (FIG. 5A), if the recently 
received packet is not a PAT packet, the method proceeds to 
stages 390,392, and 394 (FIG. 5D) to store data from each 
program definition in a corresponding channel dbentry if the 
packet is determined to be the last PMT packet in a section. 
If the recently received packet is not a PMT packet as 
determined in stage 390, the method determines at stage 396 
if the recently received packet is a PSIP packet. If not, the 
packet is determined to be a packet other than a System data 
control packet and it is processed by other methods not 
relevant to the present invention. control Structure, disable 
the old EITO and ETTO PIDs, reset all eitSource and 
extended text dbEntries, and enable EITO and ETTOPIDs, as 
shown in stages 404, 406, 408 and 410. 
At stage 398, if the recently received packet is not an 

MGT packet and is a VCT packet, the VCT data is processed 
and stored in database 28, as indicated by stages 412–442 
(FIGS. 5E-5F). In particular, the method performs a coher 
ency check at Stage 438 to determine the recently received 
VCT data is consistent with previously stored MPEG data. 
Specifically, the coherency check verifies that the number 
and type of elementary Streams for each program are the 
same in the PSIP tables and the MPEG tables. 

lf the data is determined to be consistent, the channel 
information in the recently received data is Stored in data 
base 28 information at Stage 446, merged with existing 
MPEG channel information. On the other hand, if the 
recently received VCT data is not consistent with previously 
stored MPEG data, the method resets the decoding status of 
this VCT section in the PSIP control structure 44 at stage 
442 such that the VCT data is ignored. 

If the recently received packet is not a VCT packet, as 
determined in stage 412 (FIG.5E), the method determines if 
the packet is an EITO packet or an ETTO packet, at stages 
460 and 480 (FIG. 5G), respectively. EITO packets are 
processed by stages 462-479 and ETT0 packets are pro 
cessed by stages 482-492 (FIG. 5H). If the packet is not an 
ETTO packet, as determined at stage 480, then the packet is 
processed as either an RRT packet or an STT packet, in a 
manner not relevant to the present invention. 

Methods and apparatus consistent with the present inven 
tion may be implemented in Software, hardware, or a com 
bination of hardware and software. Software implementa 
tions of the invention are preferably embodied in a 
computer-readable media, Such as a non-volatile read-only 
memory, or transferred over computer-readable media, Such 
as the Internet. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the methods and 
Systems consistent with the present invention without 
departing from the Spirit or Scope of the invention. For 
example, the database could be implemented with a greater 
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10 
or lesser amount of Segmentation. Moreover, although the 
present invention is described in the context of an ATSC 
transport Stream, it is applicable for any stream (transport, 
program, etc.) that is based on the MPEG-2 and PSIP 
standards. The true scope of the invention is defined by the 
following claims. 
What is claimed is: 
1. A method for maintaining a database for display of 

digital television broadcast Signals carried by a digital 
broadcast Stream including System control data, the System 
control data including first information relating to a first 
broadcast Standard and optionally also including Second 
information relating to a Second broadcast Standard, the 
method comprising: 

receiving the digital broadcast Stream; 
extracting the first information from the System control 

data; 
Storing a first Set of data entries from the extracted first 

information; 
extracting the Second information from the System control 

data if the Second information is present in the System 
control data; and 

Storing a Second Set of data entries only if the extracted 
Second information is consistent with the first Set of 
data entries. 

2. A method as recited in claim 1 wherein the first 
information comprises MPEG-2 table information and the 
second information comprises ATSC table information. 

3. A method as recited in claim 2 wherein Storing a first 
Set of entries comprises: 

Storing a first portion of the first Set of data entries, 
receiving additional System control data; 
extracting additional first information from the additional 

System control data; and 
Storing a Second portion of the first Set of data entries from 

the extracted additional first information. 
4. A method as recited in claim3 wherein Storing a Second 

portion of the first Set of data entries comprises Storing data 
from transmitted MPEG-2 Program Mapping Tables. 

5. A method as recited in claim3 wherein Storing a Second 
Set of data entries comprises Storing one of the Second data 
entries only if a Second portion of a corresponding one of the 
first Set of data entries has previously been Stored. 

6. A method as recited in claim 5 wherein Storing a Second 
Set of data entries comprises Storing information contained 
in transmitted Program and Specific Information Protocol 
tables. 

7. A method as recited in claim 2 wherein the first 
information includes a version number and the method 
comprises: 

comparing the version number of extracted first informa 
tion to the version number of a previously stored first 
Set of data entries, 

ignoring the extracted first information if the compared 
Version numbers are equal; 

constructing a new Set of first data entries if the compared 
Version numbers are not equal; and 

deleting the existing Set of previously Stored first data 
entries if the compared version numbers are not equal. 

8. A method as recited in claim 2 wherein the first 
information includes a transport Stream ID and the method 
comprises: 

comparing the transport Stream IDs of the extracted first 
information and Stored first Set of data entries, and 

resetting the Stored first Set of data entries and Storing a 
new set of first data entries if the compared transport 
Stream IDs are not equal. 
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9. A method as recited in claim 2 wherein the first 
information comprises a plurality of Separate Sections and at 
least one program listing, and Storing a first Set of data 
entries comprises Storing at least one program entry; and 
wherein the method comprises: 

comparing the at least one program listing of the extracted 
first information to a previously Stored program entry; 

if the at least one program listing of the extracted first 
information does not correspond with a stored program 
entry, Storing the at least one program listing of the 
extracted first information as an additional program 
entry and creating a new listing in a channel list; and 

deleting all program entries which do not have a corre 
sponding entry in the channel list only if all Sections of 
the first information have been extracted. 

10. A method as recited in claim 2 wherein storing a first 
Set of data entries comprises Storing a plurality of program 
data entries each containing data for a separate MPEG-2 
program from an MPEG-2 Program Association Table. 

11. A method as recited in claim 2, wherein Storing a first 
Set of data entries comprises Storing a data entry with a 
corresponding database link Structure. 

12. A method as recited in claim 11, wherein: 
Storing a first Set of data entries comprises Storing at least 

one data entry over a plurality of noncontiguous por 
tions of memory; and 

the database link Structure includes pointers linking the 
noncontiguous portions of memory. 

13. A method as recited in claim 11, wherein the database 
link Structure includes a reference field manipulated by 
external tasks to indicate pending uses of a corresponding 
data entry by external task. 

14. A method as recited in claim 13 comprising: 
generating a delete request to delete a data entry upon 

detection of a Selected condition; and 
executing the delete request only if a corresponding 

reference field indicates no pending uses of the corre 
sponding data entry. 

15. A System for maintaining a database for display of 
digital television broadcast Signals carried by a digital 
broadcast Stream including System control data, the System 
control data including first information relating to a first 
broadcast Standard and optionally also including Second 
information relating to a Second broadcast Standard, the 
System comprising: 

a memory; 

a tuner which receives the digital broadcast Stream; 
a demultiplexer which extracts the first information from 

the System control data; and 
a control module which Stores a first Set of data entries 
from the extracted first information in a database in the 
memory, commands the demultiplexer to extract Sec 
ond information from the System control data if Second 
information is present in the System control data; and 
Stores in the database a Second Set of data entries from 
the extracted Second information only if the extracted 
Second information is consistent with the first Set of 
data entries. 

16. A system as recited in claim 15 wherein the first 
information comprises MPEG-2 table information and the 
second information comprises ATSC table information. 

17. A system as recited in claim 16 wherein the first set of 
entries comprises: 
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a first portion of the first set of data entries extracted from 

the first information; and 
a Second portion of the first Set of data entries extracted 

from additional first information received at a time 
following extraction of the first portion of the first set 
of data entries. 

18. A system as recited in claim 16 wherein the second 
portion of the first Set of data entries comprises information 
extracted from transmitted MPEG-2 Program Mapping 
Tables. 

19. A system as recited in claim 18 wherein the second set 
of data entries comprises information extracted from trans 
mitted Program and Specific Information Protocol tables. 

20. A system as recited in claim 15 wherein the first 
information includes a version number. 

21. A system as recited in claim 16 wherein the first 
information includes a transport Stream ID. 

22. A system as recited in claim 16 wherein the first 
information comprises a plurality of Separate Sections and at 
least one program listing, and the first Set of data entries 
comprises at least one program entry. 

23. A system as recited in claim 16 wherein the first set of 
data entries comprises a plurality of program data entries 
each containing data for a separate MPEG-2 program from 
an MPEG-2 Program Association Table. 

24. A system as recited in claim 16, wherein the first set 
of data entries comprises a data entry with a corresponding 
database link Structure. 

25. A system as recited in claim 24, wherein: 
the first Set of data entries comprises information Stored 

Over a plurality of noncontiguous portions of memory; 
and 

the database link Structure includes pointers linking the 
noncontiguous portions of memory. 

26. A System as recited in claim 24, wherein the database 
link Structure includes a reference field manipulated by 
external tasks to indicate pending uses of a corresponding 
data entry by external task. 

27. A system as recited in claim 15, wherein the functions 
of the tuner, demultiplexer, and control module are per 
formed by a multimedia processor. 

28. A computer program product comprising a computer 
uSable medium having computer-readable code embodied 
therein for maintaining a database for display of digital 
television broadcast Signals carried by a digital broadcast 
Stream including System control data, the System control 
data including first information relating to a first broadcast 
Standard and optionally also including Second information 
relating to a Second broadcast Standard, the computer-usable 
medium comprising: 

a component configured to receive the digital broadcast 
Stream, 

a component configured to extract the first information 
from the System control data; 

a component configured to Store a first Set of data entries 
from the extracted first information; 

a component configured to extract Second information 
from the System control data if Second information is 
present in the System control data, and 

a component configured to Store a Second set of data 
entries only if the extracted Second information is 
consistent with the first Set of data entries. 


